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ABSTRACT

The COVID-19 pandemic has altered innumerable lives. Although recent mass vaccinations
offer a glimmer of hope, the rising death toll and new variants continue to dominate the
current scenario. As we begin to understand more about SARS-CoV-2 infections, the territory
of reinfections with COVID-19 remains unexplored. In this review, we will discuss several
aspects of reinfection: (a) How is COVID-19 reinfection characterized? (b) Does prior literature
differentiate between reinfection and reactivation? (c) What SARS-CoV-2 strains do the
vaccines target and can they protect against new strains? Larger and longer timeline studies
are needed to understand reinfection risks. With the ongoing distribution of the SARS-CoV-2
vaccines to provide protection, the understanding of the possibility for SARS-CoV-2 reinfec-
tion remains critical.

Abbreviations CDC: Centers for Disease ControlSARS-CoV-2: Severe acute respiratory syn-
drome coronavirus 2COVID-19: Coronavirus disease 2019RT-PCR: Reverse Transcription
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1. Introduction

The novel coronavirus disease, COVID-19, has
presented a multitude of challenges for public
health  officials and healthcare providers.
According to the World Health Organization,
there have been over 3 million deaths and the
cases multiply as we witness surges worldwide[1].
Still, many questions remain unanswered regard-
ing the virus, SARS-CoV-2. Although we under-
stand more about the concept of SARS-CoV-2
infection and modes of transmission, the notion
of reinfection remains relatively unexplored[2].
Reinfection was recently characterized by the
Centers for Disease Control (CDC) as infection
across two different time periods with established
genetic sequencing data[3]. Reinfection has impli-
cations for epidemiological modeling and public
health with the introduction of vaccines and the
various mutations occurring in the genetic
sequencing worldwide [4,5]. Reinfection needs to
be differentiated from a multifaceted presentation
of inflammatory damage and immunologic dysre-
gulation known as Post-Acute Sequelae of SARS-
CoV-2 infection (PASC), which has been observed
in patients 4 weeks from the onset of acute
COVID-19 symptoms[6]. There is a need for addi-
tional studies to determine if reinfection is possi-
ble, given the implications it has for
epidemiological modeling and public health [4,5].

Properties of immunity from a previous infection
will help characterize the reinfection potential [7,8].
According to Gomes et al., the duration of immunity
matters[7]. In Figure 1 we depict that active immu-
nity, from either infection or a vaccine provides full
protection for a limited duration of time, which
makes reinfection more likely[7]. In our review, we
delve into previous studies and case reports related to
reinfection. We must also determine the significance
of a positive antibody test, which will deepen our
understanding of the concept of reinfection.

2. Definition of reinfection

The definition of reinfection has been interpreted
differently across many studies. The Centers for
Disease Control defined reinfection as an infection
in the same individual across a different time period
with evidence of genotypic variance, i.e., infection in
an individual with two different viral strains within
> 45 days in highly suspicious cases of COVID-19 or
> 90 days in asymptomatic cases or in cases with
low suspicion[3]. The above model also takes into
consideration cycle threshold values less than or
equal to 35[9]. Many other studies define reinfection
as two positive SARS-CoV-2 RT-PCR tests with nega-
tive tests in between without taking the genotypic
variation into account. Hall et al. reported that the
prior history of SARS-CoV-2 is associated with an
83% lower risk of reinfection and that the protective
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Figure 1. Types of Immunity.

effect may last for 5 months[10]. In a large popula-
tion study done in Denmark by Hansen et al., protec-
tion against repeat infection was deemed to be 80.5%
in the general population and 47.1% in patients
65 years or older[11]. However, this study defined
reinfection differently. Here, the authors included
people who were tested with COVID-19 RT-PCR
during the first surge before June 2020 and followed
the cohort from September to December 2020 to
analyze SARS-CoV-2 contraction[11]. Abu-Raddad
et al. studied the efficacy of natural infection against

Table 1. Characteristics of patients reinfected with SARS-CoV-2.

Passive Immunity

Vaccines
(Lasts for how long?)

reinfection, which was accounted for by a change in
viral genome sequencing. This study found that the
rate of reinfection was estimated to be 95.2%[12].
Viral genome sequencing has identified as many as
80 known and identified genotypic variants of SARS-
CoV-2 with B.1.1.7 being the most common variant
in the USA up to June 2021, when the B.1.617.2,
Delta, variant rapidly took over [13-16].
A summary of the previously published literature on
SARS-CoV-2 reinfections with a genetically different
strain is outlined in Table 1. The first case of

Period between

Presence of

RT- Age in years and

Author PCR Sex tests Symptoms Genomic Strain antibodies
Larson et al NP QM 51 days 1°% Mild 1°% B.1.26 Tst: N/A
2nd: Severe 2"%: B.1.26 but with several 2" N/A
mutations
Tillett et al. NP 25 M 48 days 1st: Mild 1st: Clade 20 C 1st: N/A
2nd: Severe 2nd: Clade 20 C 2nd: (+) lgG (+)
With different SNVs IgM
To et al. opP 33 M 142 days 1st: Mild 1st: Clade 19A 1st: (-) IgM (-) lgG
2nd: None 2nd: Clade 20A 2nd: (+) lgG
Goldman et al. NP Between 60-69 140 days 1st: Severe 1st: Clade 19B 1st: N/A
Sex unknown 2nd: Mild 2nd: Clade 20A 2nd: (+) 19G (+)
IgM
Elslande et al. NP 51F 93 days 1st: Mild 1st:Lineage B.1.1 1st: N/A
2nd: Mild 2nd: Lineage A 2nd: (+) lgG
Selhorst et al. NP 39 F 185 days 1st: Mild 1st: Clade V 1st: (+) 19G
2nd: Mild 2nd: Clade G 2nd: (+) lgG
Prado-Vivar oP 46 M 63 days 1st: Mild 1st: Clade 20A 1st: (+) IgM (-) I9G
et al. 2nd: Severe 2nd: Clade 19B 2nd: (+) IgM (+)
19G
Shastri et al. NP 27 M 66 days 1st: Mild 1st: B1 1st: N/A
2nd: Mild 2nd: B, 8 SNP mutations 2" No
Shastri et al. NP 31 M 65 days 1st:Assympto- 1st: B.1.1 1st: N/A
matic 2nd: B, 9 SNP mutations 2" No
2nd: Mild
Shastri et al. NP 24 F 55 days 1st: Mild 1st: B1.1 1st: N/A
2nd: Mild 2nd: B1.1, 12 SNP mutations 2"%: No
Marquez et al. NP 16 F >90 days 1st: Mild 1°%B.1.2 1st: N/A
2nd: Mild 2" B.1.1.7 2" (+) IgM (-) 1gG
Sevillano et al. NP 28 M 90 days 1st: Mild 1% B.1.1.29. 1st: (-) IgM (-) 1gG
2nd: Mild 2" B.1.1.29, 27 SNP mutations 2" (+) IgM () 1gG

NP = Nasopharyngeal, OP = Oropharyngeal, F = Female, M = Male, SNV = Single Nucleotide Variants, N/A = Not available.
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reinfection in the USA was reported by Tillett et al.,
which described a 25-year-old man who had two
separate nasopharyngeal RT-PCRs taken 2 months
apart which showed genetically distinct variants of
SARS-CoV-2[17]. At initial diagnosis, the individual
presented with mild symptoms, and two subsequent
negative tests followed resolution of symptoms.
Forty-eight days later, he tested positive for SARS-
CoV-2 infection when he presented with similar
symptoms as well as shortness of breath. The speci-
mens were analyzed with RT-PCR and genomic
sequence analysis showed single nucleotide variants
that differed between the specimens and the reference
genome. IgG and IgM antibodies were detected a day
after the second diagnosis. However, since the patient
was not tested for antibodies directly prior to
the second encounter, whether he conferred immu-
nity after the first infection is unknown. Similarly,
a 42-year-old healthcare worker tested positive with
a different strain B.1.126 after 51 days of the initial
infection. Unfortunately, no antibody testing was per-
formed after either infection[18].

Other reports of reinfection have also reported
that samples taken from each occurrence were
found to be phylogenetically distinct [19-26]. In
these cases, the patients had two separate positive
COVID-19 RT-PCR tests with at least one negative
test in between. Goldman et al. reported a patient
who tested positive for SARS-CoV-2 twice, 140 days
apart[19]. Genomic comparison of the viral RNA
from these two occurrences revealed the first infec-
tion matched to clade 19B and the second to 20A. To
et al. also reported the presence of phylogenetically
distinct strains in a case study with the first being
from clade 19A and the second from clade 20A.*°
Two similar cases were also reported in Belgium
which included a 51-year-old female who tested posi-
tive twice with the first sample matching to lineage
B.1.1. and the second to lineage A.>' The other case
was of a 39-year-old female who tested positive
185 days apart with the first infection matching to
Clade V and the second to Clade G.** Similarly in
Ecuador, a 46-year-old male tested positive 63 days
apart with the first matching to clade 20A and
the second to 19B[23]. In the USA, a 16-year-old
was first infected by the B.1.2 variant and after reso-
lution was reinfected by the B.1.1.7 variant >90 days
later as confirmed by phylogenetic analysis[24]. These
case reports show molecular evidence of reinfection
in a single patient with variant strains of SARS-CoV
-2, as suggested by Kirkcaldy et al [14]. Two cases
report reinfection with the same strain, but with sig-
nificant mutations, as outlined in Table 1. Shastri
et al. describe three cases of reinfection after
45 days from the initial infection and similarly, a 28-
year-old male in Ecuador was reported to have been
first infected by the B.1.1.29 strain and 90 days later

by the same strain that differed by 27 nucleotides
resulting in 22 mutations [25,26].

One major distinction that must be made is that
reinfection is different from reactivation. As the
COVID-19 pandemic progresses, we are beginning
to better understand SARS-CoV-2 and related immu-
nity. Early on, the temporary nature of immunity and
the consequent possibility for reinfection was not
clear, so genomic testing was not repeated in studies
of subsequent COVID-19 cases. Therefore, some of
the reactivation cases, i.e., repeat infections with the
same viral strain, were mislabeled as cases of reinfec-
tion. SARS-CoV-2 is a virus that mostly causes loca-
lized infections. Persistence of viral load in the lower
respiratory tract as opposed to upper respiratory tract
leads to RNA positivity leading to reactivation[27].
One such study by Ye et al. reported that 9% of
patients discharged from the hospital presented with
reactivation[28].

3. Post-acute sequelae of SARS-CoV-2
infection

Recent observations of Post-acute sequelae of SARS-
CoV-2 infection (PASC), the persistent symptoms
and/or complications seen in patients beyond
4 weeks of symptoms, make understanding reinfec-
tion a pressing matter. Nalbandian et al. categorizes
symptoms to be subacute if present between 4 and
12 weeks and chronic if they persist beyond 12 weeks
[6]. While dyspnea and fatigue were found to be the
most common symptoms, PASC can be present with
manifestations in any organ system[6]. PASC can
often be mistaken for reinfection, especially in the
chronic phase coupled with persistent viral shedding
without genomic testing. It is extremely important to
distinguish the two because this may impact
management.

With an understanding of the concept of reactiva-
tion and PASC, interpretation of reinfection should
be made with caution. Careful consideration is war-
ranted while obtaining a sample to obviate the risk of
false negatives from insufficient viral material in the
specimens, inappropriate timing of sample collection
in relation to illness onset, and improper sampling
especially from nasopharyngeal swabs [29,30].
Figure 2 illustrates a graphical representation of the
timeline of a COVID-19 reinfection.

4. Role of antibodies in reinfection

Some patients infected with SARS-CoV-2 do not
develop antibodies, and the reason for this is still
unknown [14,31]. For the majority of infected indivi-
duals, neutralizing immunoglobulin levels, IgG and
IgM, rise within days to weeks of symptom onset[32].
Asymptomatic and mild infections of COVID-19
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Figure 2. Graphical representation of the cycle and timeline of a COVID-19 infection.

develop a less robust antibody response when compared
to severe infections[33]. Exactly how long these antibo-
dies remain detectable following infection varies and
depends on the severity of infection[32]. Antibody levels
have been shown to fall over the course of several
months, between 60 and 90 days from the initial infec-
tion [34,35]. Some reports have shown that the immu-
nity lasts until 7-12 months [12,36]. To et al. reported
on a case of subsequent COVID-19 in which the patient
demonstrated a more robust immune response with IgG
neutralizing antibodies and a lack of response from IgM
antibodies during the second occurrence of COVID-19.
This antibody profile increases the likelihood that the
case is caused by reinfection with SARS-CoV-2 rather
than reactivation of a previous infection[37].

5. Role of reinfection in vaccination

There are currently several vaccines available all over
the world. Some are approved, while some are in the
process of being approved. Pfizer/BioNTech,
Moderna/NIAID, Johnson & Johnson/Janssen
Biotech Inc have been approved by the Food and
Drug Administration in the TUSA, while
AstraZeneca/Oxford, Covaxin and Sputnik V have
been approved in the rest of the world. Both Pfizer/
BioNTech and Moderna/NIAID vaccines are mRNA
vaccines that target the spike glycoprotein of SARS-
CoV-2, and both confer around 94% efficacy in pre-
venting COVID-19 following receipt of two doses
[38]. AstraZeneca/Oxford’s vaccine has a 70.4% effi-
cacy and was developed using a modified version of
chimpanzee adenovirus as a vector for the SARS-CoV

-2 spike glycoprotein, which confers immunity
14 days after the second dose[39]. Johnson and
Johnson’s Janssen Biotech Inc’s vaccine is
a recombinant adenovirus vaccine which encodes
the spike glycoprotein and was 65.5% effective[40].
Covaxin is an inactivated vaccine with an efficacy of
78% and Sputnik V is an adenoviral vector vaccine
with an efficacy of 91.6% [41,42]. Considering the
different mutations noted, it is uncertain if the vac-
cine will provide long-lasting immunity. Not only
must the vaccines be tested against many of the new
mutations, but also more studies are needed to inves-
tigate if the vaccine or infection can provide longer-
lasting immune protection. There are many other
vaccines developed by China which have undergone
phase I and phase II trials only. However, one vac-
cine, CoronaVac (Sinovac Life Sciences, Beijing,
China), administered in two doses, is reported to
have an efficacy of 50.4-91.25% [43-45]. Sinopharm
has also developed two vaccines. One was developed
in the Beijing institute with a reported 79% efficacy
and the other was developed in Wuhan with a 72.5%
efficacy. These vaccines have received many emer-
gency approvals worldwide [43,46,47]. A vaccine
developed by Novavax/Novavax, Inc. has undergone
phase III clinical trials demonstrating a clinical effi-
cacy of 89.3%. In the Novavax trial, 90% of the iso-
lates were of the South African variant[48]. Similar
results were reciprocated in a study done in
Israel[49].

Since December 2020, new variants of concern,
SARS-CoV-2 B.1.1.7 (Alpha), B.1.351 (Beta), P.1.
(Gamma), which have a mutation in N501Y, have
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been detected in the UK, South Africa, and Brazil,
while variants B.1.427 and B.1.429 have been detected
in California[15]. These variants have been shown to
exhibit a mutation in the receptor-binding domain of
the spike protein, which is known to increase trans-
mission in humans and cause severe disease. In par-
ticular, variant B.1.617.2 (variant of concern) has
been reported to contain mutations L452R and
T478K in the receptor-binding domain. This variant
has prompted widespread concern as countries
around the world begin to ease restrictions[50]. This
variant was studied to be more transmissible and was
associated with increased hospitalizations in the
younger generations. [51] A few other variants,
B.1.525, B.1.526, B.1.617.1, B.1.617.3, P.2, known as
variants of interest, have been identified in addi-
tion[15].

Additionally, other potential consequences of
mutations are the ability to cause more severe dis-
eases in humans, evade detection by specific diagnos-
tic modalities, decrease susceptibility to therapeutic
agents, and evade vaccine-induced immunity. Given
that the spike protein is the primary target of the
majority of the vaccines, vaccine immunity is still
unknown against these new and evolving variant
strains. The specifics of these vaccines are outlined
in Table 2. An in vitro study indicated that the Pfizer/
BioNTech vaccine does provide immunity against the
N501Y mutation[52]. Pfizer/BioNTech proved an
efficacy of 89.5% against the B.1.1.7 variant and 75%
efficacy against B.1.351 when tested in Qatar[53].
Bernal et al. reported an 88.0% effectiveness of the
Pfizer vaccine and 67.0% of the AstraZeneca vaccine
after two doses against the delta variant[54].
However, more studies are still needed to explore if
vaccination will result in effective and long-term
immunity against this virus.

Case reports represent the majority of studies
around reinfection for now, so whether these are
a common occurrence or simply rare situations has
not been proven yet as surveillance of asymptomatic
infection is limited due to lack of routine testing.
Larger long-term studies are still needed which
should include data on patients’ viral load, viral

Table 2. Background on the currently available COVID-19
vaccines.

Duration
Type of Number  between
Vaccine Brand Vaccine of Doses doses Efficacy
Pfizer/BioNTech mRNA Two 21 days 95.0%
Moderna/NIAID mRNA Two 28 days 94.1%
Johnson&Johnson/ Recombinant One NA 65.5%
Janssen adenovirus
Astra/Zeneca/ DNA Two 28 days 70.4%
Oxford
Covaxin Inactivated Two 28 days 78%
vaccine
Sputnik V Recombinant Two 28 days 91.6%

adenovirus

genotype, whether, or not they have antibodies, as
well as their immune status. For the time being,
public health measures that have been effective at
limiting viral spread, such as social distancing and
mask wearing, must remain as critical components of
the viral mitigation effort.

6. Conclusion

The prevalence of SARS-CoV-2 reinfection is difficult
to quantify due to the lack of large-scale studies and
the lack of antibody and genomic testing from earlier
in the pandemic to confirm a true reinfection.
Additionally, immunocompromised patients must
be assessed for the likelihood of reactivation as
opposed to reinfection.

Immunity to SARS-CoV-2 involves antibody
responses, but the variable length of protection permits
the possibility of reinfection. Given the limitations of
current testing modalities and high false-negative rates,
additional tests such as genomic comparisons of viral
strains involved in both episodes and testing serocon-
version prior to the second episode can be useful test-
ing tools in characterizing reinfection. In the current
scenario, vaccinations will play a major role as we are
exploring more about the reinfection mutations of the
SARS-CoV-2 virus. Thus, the medical community and
the general population should stay aware about reinfec-
tion at this time in the pandemic.

Acknowledgments

BS, CE, LH, and SK contributed to initial drafts and revi-
sions. RG contributed to the design and revisions of the
manuscript. RJ contributed to revisions.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Disclosure of interest statement

The authors do not have financial relationships with any
commercial entity that has an interest in the subject of the
presented manuscript or other conflicts of interest to disclose

ORCID

Reshma R. Golamari
9762

http://orcid.org/0000-0002-8842-

References

[1] World Health Organization Coronavirus Disease
(COVID-19) Dashboard. [cited 2021 Feb 24] https://
covid19.who.int

[2] Kellam P, Barclay W. The dynamics of humoral
immune responses following SARS-CoV-2 infection


https://covid19.who.int
https://covid19.who.int

738

(3]

(4]

(5]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

e B. Y. SCISCENT ET AL.

and the potential for reinfection. J Gen Virol.
2020;101(8):791-797.

Interim guidance on duration of isolation and precau-
tions for adults with COVID-10. Centers for Disease
Control and Prevention. [cited 2021 Jun 6] https://
www.cdc.gov/coronavirus/2019-ncov/hcp/duration-
isolation.html. Published March 16, 2021.

Victor Okhuese A. Estimation of the probability of
reinfection with COVID-19 by the
susceptible-Exposed-Infectious-Removed-
Undetectable-Susceptible model. JMIR Public Health
Surveill. 2020;6(2):219097.

Malkov E. Simulation of coronavirus disease 2019
(COVID-19) scenarios with possibility of reinfection.
Chaos Solitons Fractals. 2020;139:110296.
Nalbandian A, Sehgal K, Gupta A, et al. Post-acute
COVID-19 syndrome. Nat Med. 2021; 27(4): 601-615.
Gomes MG, White LJ, Medley GF. Infection, reinfec-
tion, and vaccination under suboptimal immune pro-
tection: epidemiological perspectives. ] Theor Biol.
2004;228(4):539-549.

Arafkas M, Khosrawipour T, Kocbach P, et al. Current
meta-analysis does not support the possibility of
COVID-19 reinfections. ] Med Virol. 2020;93
(3):1599-1604.

SARS-CoV-2 Cycle Threshold: A Metric That Matters
(or Not). American Association for Clinical
Chemistry. [cited 2021 Jun 7] https://www.aacc.org/
cln/cln-stat/2020/december/3/sars-cov-2-cycle-
threshold-a-metric-that-matters-or-not. Updated
December 3, 2020.

Hall V, Foulkes S, Charlett A, et al. Do antibody
positive healthcare workers have lower SARS-CoV-2
infection rates than antibody negative healthcare
workers? Large multi-centre prospective cohort study
(the SIREN study), England: June to November 2020.
medRxiv. 2021.01.13.21249642

Hansen CH, Michlmayr D, Gubbels SM, et al
Assessment of protection against reinfection with
SARS-CoV-2 among 4 million PCR-tested individuals
in Denmark in 2020: a population-level observational
study. Lancet. 2021;397(10280):1204-1212.
Abu-Raddad L], Chemaitelly H, Coyle P, et al. SARS-
CoV-2 antibody-positivity protects against reinfection
for at least seven months with 95% efficacy.
EClinicalMedicine. 2021;35:100861.

Koyama T, Platt D, Parida L. Variant analysis of
SARS-CoV-2 genomes. Bull World Health Organ.
2020;98(7):495-504.

Kirkcaldy RD, King BA, Brooks JT. COVID-19 and
postinfection immunity: limited evidence, many
remaining questions. Jama. 20205323
(22):2245-2246.

SARS-CoV-2 Variant Classifications and Definitions.
Centers for disease control and prevention. [cited
2021 Jun 5] https://www.cdc.gov/coronavirus/2019-
ncov/variants/variant-info.html. Published June 4,
2021.

Variant Proportions. Centers for disease control and
prevention. [cited 2021 Jul 28] https://covid.cdc.gov/
covid-data-tracker/#variant-proportions. ~ Published
July 27, 2021.

Tillett RL, Sevinsky JR, Hartley PD, et al. Genomic
evidence for reinfection with SARS-CoV-2: a case
study. Lancet Infect Dis. 2020;21(1):52-58.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Larson D, Brodniak SL, Voegtly L], et al. A case of
early re-infection with SARS-CoV-2. Clin Infect Dis.
2020.Sep 19:ciaal436

Goldman JD, Wang K, Roltgen K, et al. Reinfection
with SARS-CoV-2 and failure of humoral immunity:
a case report. medRxiv. 2020.09.22.20192443

To KK, Hung IF, Ip JD, et al. COVID-19 re-infection
by a phylogenetically distinct SARS-coronavirus-2
strain confirmed by whole genome sequencing. Clin
Infect Dis. 2020.Aug 25:ciaal275

Van Elslande J, Vermeersch P, Vandervoort K, et al.
Symptomatic SARS-CoV-2 reinfection by
a phylogenetically distinct strain. Clin Infect Dis.
2021;73(2):354-356

Selhorst P, Van Ierssel S, Michiels J, et al
Symptomatic SARS-CoV-2 reinfection of a health
care worker in a Belgian nosocomial outbreak despite
primary neutralizing antibody response. Clin Infect
Dis. 2020. DOI:10.1093/cid/ciaal850.

Prado-Vivar B, Becerra-Wong M, Guadalupe JJ, et al.
A case of SARS-CoV-2 reinfection in Ecuador. Lancet
Infect Dis. 2021;21(6):e142.

Marquez L, Koy T, Spinler JK, et al. Reinfection with
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) B.1.1.7 variant in an immunocompro-
mised adolescent. Infect Control Hosp Epidemiol.
2021;1-2. doi: 10.1017/ice.2021.195

Shastri J, Parikh S, Agrawal S, et al. Clinical, serologi-
cal, whole genome sequence analyses to confirm
SARS-CoV-2 reinfection in patients from Mumbai,
India. Front Med (Lausanne). 2021;8:631769.
Sevillano G, Ortega-Paredes D, Loaiza K, et al
Evidence of SARS-CoV-2 reinfection within the
same clade in Ecuador: a case study. Int J Infect Dis.
2021;108:53-56.

Mattiuzzi C, Henry BM, Sanchis-Gomar F, et al.
SARS-CoV-2 recurrent RNA positivity after recover-
ing from coronavirus disease 2019 (COVID-19): a
meta-analysis. Acta Biomed. 2020;91(3):€2020014.

Ye G, Pan Z, Pan Y, et al. Clinical characteristics of
severe acute respiratory syndrome coronavirus 2
reactivation. ] Infect. 2020;80(5):e14—¢7.

Li Y, Yao L, Li J, et al. Stability issues of RT-PCR
testing of SARS-CoV-2 for hospitalized patients clini-
cally diagnosed with COVID-19. ] Med Virol. 2020;92
(7):903-908.

Sethuraman N, Jeremiah SS, Ryo A. Interpreting diag-
nostic tests for SARS-CoV-2. Jama. 2020;323
(22):2249-2251.

Arkhipova-Jenkins I, Helfand M, Armstrong C, et al.
Antibody response after SARS-CoV-2 infection and
implications for immunity: a rapid living review.
Ann Intern Med. 2021;174(6):811-821.

Centers for Disease Control and Prevention. Interim
guidelines for COVID-19 antibody testing. August 1,
2020. [cited 2021 Jan 1] Available at: https://www.cdc.
gov/coronavirus/2019-ncov/lab/resources/antibody-
tests-guidelines.html

Kang CK, Kim M, Lee S, et al. Longitudinal analysis of
human memory T-Cell response according to the
severity of Illness up to 8 months after SARS-CoV-2
infection. J Infect Dis. 2021;224(1):39-48.

Liu A, Li Y, Peng J, et al. Antibody responses against
SARS-CoV-2 in COVID-19 patients. ] Med Virol.
2021;93(1):144-148.

Iyer AS, Jones FK, Nodoushani A, et al. Persistence
and decay of human antibody responses to the


https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/duration-isolation.html
https://www.aacc.org/cln/cln-stat/2020/december/3/sars-cov-2-cycle-threshold-a-metric-that-matters-or-not
https://www.aacc.org/cln/cln-stat/2020/december/3/sars-cov-2-cycle-threshold-a-metric-that-matters-or-not
https://www.aacc.org/cln/cln-stat/2020/december/3/sars-cov-2-cycle-threshold-a-metric-that-matters-or-not
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-info.html
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://doi.org/10.1093/cid/ciaa1850
https://doi.org/10.1017/ice.2021.195
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html

(36]

(371

(38]
(39]

(40]

(41]

(42]
(43]

(44]

(45]

[46]

JOURNAL OF COMMUNITY HOSPITAL INTERNAL MEDICINE PERSPECTIVES . 739

receptor binding domain of SARS-CoV-2 spike pro-
tein in COVID-19 patients. Sci Immunol. 2020;0ct 8;5
(52):eabe0367.

Yao L, Wang GL, Shen Y, et al. Persistence of anti-
body and cellular immune responses in COVID-19
patients over nine months after infection. J Infect
Dis. 2021. May 12:jiab255.

To KK, Hung IF, Chan KH, et al. Serum antibody
profile of a patient with COVID-19 reinfection. Clin
Infect Dis. 2021;72(10):659-e662.

Dai L, Gao GF. Viral targets for vaccines against
COVID-19. Nat Rev Immunol. 2021;21(2):73-82.
Knoll MD, Wonodi C. Oxford-AstraZeneca COVID-19
vaccine efficacy. Lancet. 2021;397(10269):72-74.
Administration USFD. Janssen COVID-19 Vaccine.
U.S. Food & Drug Administration. [cited 2021 Mar
7] 2021. https://www.fda.gov/emergency-preparedness
-and-response/coronavirus-disease-2019-covid-19/
janssen-covid-19-vaccine. Published.

Kay C. Homegrown Indian covid vaccine already in
use shows 78% efficacy. Bloomberg. [cited 2021 Jun 7]
https://www.bloomberg.com/news/articles/2021-04-
21/homegrown-indian-covid-vaccine-already-in-use-
shows-78-efficacy. Updated April 21, 2021

About Vaccine. Sputnik V. https://sputnikvaccine.
com/about-vaccinePublished. 2021.

Baraniuk C. What do we know about China’s covid-19
vaccines? Bmj. 2021;373:n912.

Zhang Y, Zeng G, Pan H, et al. Safety, tolerability, and
immunogenicity of an inactivated SARS-CoV-2 vac-
cine in healthy adults aged 18-59 years: a randomised,
double-blind, placebo-controlled, phase 1/2 clinical
trial. Lancet Infect Dis. 2021;21(2):181-192.

Wu Z, Hu Y, Xu M, et al. Safety, tolerability, and
immunogenicity of an inactivated SARS-CoV-2 vac-
cine (CoronaVac) in healthy adults aged 60 years and
older: a randomised, double-blind, placebo-controlled,
phase 1/2 clinical trial. Lancet Infect Dis. 2021;21
(6):803-812.

Staff R. Sinopharm’s COVID-19 vaccine 79% effective,
seeks approval in China. Reuters. Middle East &
Africa Web site. cited 2021 May 30 https://www.reu

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

ters.com/article/health-coronavirus-china-vaccine-int-
idUSKBN2940CA.  Published  2021.  Updated
December 29, 2020.

Covid-19 vaccines made by China’s Sinopharm,
CanoSino release efficacy data. Science Website.
https://www.scmp.com/news/china/science/article/
3122980/covid-19-vaccines-made-chinas-sinopharm-
cansino-release-efficacy. Updated May 30, 2021. [cited
2021 May 30]

Novavax COVID-19 vaccine demonstrates 89.3%
efficacy in UK phase 3 trial. Novavax. [cited 2021
May 30] https://ir.novavax.com/news-releases/news-
release-details/novavax-covid-19-vaccine-
demonstrates-893-efficacy-uk-phase-3.
January 28, 2021.

Haas EJ, Angulo FJ, McLaughlin JM, et al. Impact and
effectiveness of mRNA BNT162b2 vaccine against
SARS-CoV-2 infections and COVID-19 cases, hospi-
talisations, and deaths following a nationwide vaccina-
tion campaign in Israel: an observational study using
national  surveillance data. Lancet. 2021;397
(10287):1819-1829.

Connor BA, Couto-Rodriguez M, Barrows JE, et al.
Monoclonal antibody therapy in a vaccine break-
through SARS-CoV-2 hospitalized delta (B.1.617.2)
variant case. Int J Infect Dis. 2021;110:232-234.
Sheikh A, McMenamin J, Taylor B, et al. SARS-CoV-2
delta VOC in Scotland: demographics, risk of hospital
admission, and vaccine effectiveness. Lancet. 2021 Jun
26;397(10293):2461-2462.

Xie X, Liu Y, Liu J et al. Neutralization of SARS-CoV-
2 spike 69/70 deletion, E484K and N501Y variants by
BNT162b2 vaccine-elicited sera. Nat Med. 2021; 27(4)
620-621.

Abu-Raddad L], Chemaitelly H, Butt AA.
Effectiveness of the BNT162b2 Covid-19 Vaccine
against the B.1.1.7 and B.1.351 Variants. N Engl
] Med. 2021;385(2):187-189.

Lopez Bernal J, Andrews N, Gower C, et al
Effectiveness of Covid-19 vaccines against the
B.1.617.2 (delta) variant. N Engl ] Med. 2021;385
(7):585-594.

Updated


https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine
https://www.bloomberg.com/news/articles/2021-04-21/homegrown-indian-covid-vaccine-already-in-use-shows-78-efficacy
https://www.bloomberg.com/news/articles/2021-04-21/homegrown-indian-covid-vaccine-already-in-use-shows-78-efficacy
https://www.bloomberg.com/news/articles/2021-04-21/homegrown-indian-covid-vaccine-already-in-use-shows-78-efficacy
https://sputnikvaccine.com/about-vaccine
https://sputnikvaccine.com/about-vaccine
https://www.reuters.com/article/health-coronavirus-china-vaccine-int-idUSKBN2940CA
https://www.reuters.com/article/health-coronavirus-china-vaccine-int-idUSKBN2940CA
https://www.reuters.com/article/health-coronavirus-china-vaccine-int-idUSKBN2940CA
https://www.scmp.com/news/china/science/article/3122980/covid-19-vaccines-made-chinas-sinopharm-cansino-release-efficacy
https://www.scmp.com/news/china/science/article/3122980/covid-19-vaccines-made-chinas-sinopharm-cansino-release-efficacy
https://www.scmp.com/news/china/science/article/3122980/covid-19-vaccines-made-chinas-sinopharm-cansino-release-efficacy
https://ir.novavax.com/news-releases/news-release-details/novavax-covid-19-vaccine-demonstrates-893-efficacy-uk-phase-3
https://ir.novavax.com/news-releases/news-release-details/novavax-covid-19-vaccine-demonstrates-893-efficacy-uk-phase-3
https://ir.novavax.com/news-releases/news-release-details/novavax-covid-19-vaccine-demonstrates-893-efficacy-uk-phase-3

	Abstract
	1.  Introduction
	2.  Definition of reinfection
	3.  Post-acute sequelae of SARS-CoV-2 infection
	4.  Role of antibodies in reinfection
	5.  Role of reinfection in vaccination
	6.  Conclusion
	Acknowledgments
	Disclosure statement
	Disclosure of interest statement
	References

